suMMARY The value of systolic anterior motion of the anterior mitral leaflet as a diagnostic marker for hypertrophic cardiomyopathy has been questioned because of its reported occurrence in other heart diseases. To determine the true specificity of systolic anterior motion for hypertrophic cardiomyopathy, 721 echocardiograms from patients with a wide variety of cardiac diseases were reviewed for its presence or absence under basal conditions. Systolic anterior motion of the anterior mitral leaflet was present in only 22 (3.0%) of the 721 patients, giving a specificity of 97 per cent. It was most common in patients with d-transposition of the great vessels (11 of 51, or 21%). With patients having transposition of the great vessels excluded from the analysis, the prevalence of systolic anterior motion of the anterior mitral leaflet was only 1 6 per cent (specificity 98%). Of note, eight of the 11 patients with systolic anterior motion of the anterior mitral leaflet and diseases other than transposition of the great vessels had disproportionate thickening of the ventricular septum, making it exceedingly rare in a patient population with normal septal-free wall thickness ratios (prevalence 0 4%; specificity 99%). Hence, while systolic anterior motion is not pathognomonic of hypertrophic cardiomyopathy, it was an uncommon finding in a large population of patients with a variety of cardiac diseases; when present in such patients systolic anterior motion of the anterior mitral leaflet is usually associated with disproportionate septal thickening.
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Systolic anterior motion of the anterior mitral leaflet (SAM) is a characteristic echocardiographic feature of patients with hypertrophic cardiomyopathy and obstruction to left ventricular outflow. [1] [2] [3] [4] [5] [6] Recently SAM has also been identified by echocardiography in a few patients with a variety of cardiac diseases other than hypertrophic cardiomyopathy. 726 The finding of systolic anterior motion of the anterior mitral leaflet in such diseases has caused some investigators to suggest that it is a nonspecific finding and, hence, may not be a useful echocardiographic marker for patients with hypertrophic cardiomyopathy.19 27 Therefore, to determine the true specificity of SAM, echocardiograms from a large population of patients with congenital or acquired heart disease were analysed. In those patients with systolic anterior motion of the anterior leaflet of the mitral valve the position of the mitral valve in the left ventricular cavity was quantified by measuring the distance from the mitral valve (defined as the point of apposition of the anterior and posterior mitral leaflets at the onset of systole) to both the left ventricular endocardium of the ventricular septum and the endocardium of the left ventricular free wall. A mitral valve position index was computed by dividing the septal-mitral valve distance into the mitral valveposterior wall distance. 28 The left ventricular outflow gradient (in mmHg) was estimated from the echocardiogram by a method described elsewhere using a revised formula: gradient = (1 -8 x obstruction index)-53. 5 Thickress of the ventricular septum was measured below the tips of the mitral valve leaflets just before atrial systole. Posterobasal left ventricular wall thickness was measured at the level of the tips of the mitral valve leaflets during the same phase of the cardiac cycle. Systolic anterior motion of the anterior leaflet of the mitral valve was defined as an abrupt anterior motion of the anterior mitral leaflet toward the ventricular septum beginning with the onset of systole, reaching its peak in mid-systole, and ending at or before the end of systole,15 14 and attaining a velocity exceeding that of the left ventricular posterior wall; hence, the peak anterior displacement of the anterior mitral leaflet occurred before that of the posterior wall. Instances in which the anterior mitral leaflet moved parallel to the tIncludes six patients with ventricular septal defect, 13 patients with pulmonary stenosis (valvular, subvalvular, or supravalvular), 13 patients with both ventricular septal defect and pulmonary stenosis, and 19 patients with neither ventricular septal defect nor pulmonary stenosis; of the 51 patients, 22 were studied by echocardiography after undergoing Mustard's operation and the remaining 29 had not undergone this operative procedure at time of echocardiographic study. §Includes eight patients with significant mitral regurgitation. ¶Pulmonary to systemic flow ratios ranged from 1-5 to 4-4 (average 26).
**Pulmonary to systemic flow ratios ranged from 1-3 to 5-4 (average 24 True negative +false positive Of note, eight of these 11 patients with systolic anterior motion of the anterior mitral leaflet (and without transposition of the great vessels) had disproportionate septal thickening; two other patients had borderline thickness ratios of 1 2. Furthermore, of the six patients with pronounced systolic anterior motion of the anterior mitral leaflet (suggesting left ventricular outflow obstruction) but without transposition of the great vessels, five had disproportionate septal thickening.
In two of the eight patients with systolic anterior motion of the anterior mitral leaflet and septal-free wall ratio > 1-3, the septal thickening was considered to be the result of coexistent hypertrophic cardiomyopathy; one of these patients had genetic transmission of asymmetric septal hypertrophy[in If those patients with systolic anterior motion and an abnormal septal-free wall ratio are excluded from the data analysis, the prevalence of SAM in a large population of patients with a wide variety of heart diseases producing symmetric wall thicknesses (exclusive of transposition of the great vessels) proved to be exceedingly small, that is 0 4 per cent (specificity of 99%).
Mitral valve prolapse was present in 37 (5 5%) of the 672 patients in this study who had a primary cardiac diagnosis other than mitral valve prolapse; one of these 37 patients with prolapse of the posterior mitral leaflet had associated systolic anterior motion of the anterior mitral leaflet.
Discussion
Systolic anterior motion of the anterior mitral leaflet is recognised as a characteristic echocardiographic finding in patients with hypertrophic cardiomyopathy and outflow obstruction.1-6 Most available data2-5 36 show that in its severe form SAM is, in fact, responsible for the left ventricular outflow tract narrowing and subaortic gradient present in such patients; recently, however, it has been suggested that the chordae tendineae and even the papillary muscles also may contribute to the dynamic obstruction present in patients with hypertrophic cardiomyopathy.3740
The present study shows that systolic anterior motion of the anterior mitral leaflet, while not pathognomonic for hypertrophic cardiomyopathy, is an uncommon finding (that is 3%) under basal conditions in a large population of patients with a variety of other cardiac diseases. The infrequency with which systolic anterior motion of the anterior mitral leaflet occurs in the absence of hypertrophic cardiomyopathy makes SAM a highly specific (that is 97%) and useful marker for patients with hypertrophic cardiomyopathy and obstruction to left ventricular outflow. This is particularly true regarding severe degrees of SAM which, while common in patients with hypertrophic cardiomyopathy and outflow obstruction, were exceedingly uncommon in the present study group of patients with other cardiac diseases (10 of 721 patients or 1-3%). On the other hand, systolic anterior motion of the anterior mitral leaflet cannot be considered a particularly sensitive marker for hypertrophic cardiomyopathy. This is necessarily true because while severe forms of SAM are almost invariably present in patients with obstruction to left ventricular outflow, SAM of this magnitude does not occur in patients without outflow obstruction (who represent a sizeable proportion of all patients within the wide disease spectrum of hypertrophic cardiomyopathy32).
Of note, in this study group systolic anterior motion of the anterior mitral leaflet was particularly common (21 %) in the subgroup of 51 patients (primarily infants) with transposition of the great vessels; its relatively common occurrence in transposition of the great vessels has been reported previously by other investigators.7-9 [11] [12] [13] In addition to transposition of the great vessels, systolic anterior motion of the anterior mitral leaflet was also identified in a diverse variety of other cardiac diseases, including coronary heart disease, systemic hypertension, tunnel subaortic stenosis, discrete (membranous) subaortic stenosis, aortic regurgitation, mitral stenosis, and amyloidosis. Though not present in the present study group, systolic anterior motion of the anterior mitral leaflet has also occasionally been reported in patients with aortic valve stenosis4' and after aortic valve replacement,42 in coarctation of the aorta,26 ventricular aneurysm,43 hypovolaemic shock,'9 glycogen storage (Pompe's) disease of the heart,2' Friedreich's ataxia,22 and in infants of diabetic mothers. 44- The patient population in the present study was selected to include a mixture of the more common as well as rarer forms of cardiac disease. No attempt was made, however, to include an analysis of every condition that has been reported to be associated with systolic anterior motion of the anterior mitral leaflet. For example, though SAM has been described in patients without cardiac hypertrophy14 we limited our study to patients with heart disease and did not analyse normal subjects.
Systolic anterior motion of the anterior mitral leaflet was present in a substantial proportion (that is 30%) of patients in this study with abnormal septal-free wall ratios (the vast majority of which had no apparent evidence of primary hypertrophic cardiomyopathy and probably represented secondary disproportionate ventricular septal thickening).47 Conversely, systolic anterior motion of the anterior mitral leaflet was a particularly un-common finding in our patients with symmetric (concentric) ventricular wall thicknesses (septal-free wall ratio < 1-3), that is prevalence of 0 4 per cent and specificity of 99 per cent. Therefore, systolic anterior motion of the anterior mitral leaflet appears to be a much less specific marker for hypertrophic cardiomyopathy in the presence of disproportionate septal thickening than in the presence of concentric hypertrophy.
Our data also show that when severe systolic anterior motion occurs in patients with diseases other than hypertrophic cardiomyopathy, SAM is usually responsible for left ventricular outflow tract obstruction. Of the 10 patients with severe forms of SAM (that is sufficient to produce an estimated gradient by echocardiography) who underwent cardiac catheterisation, nine had outflow gradients of 10 to 110mmHg measured. In the majority of these patients with severe systolic anterior motion of the anterior mitral leaflet and documented outflow obstruction the anterior mitral leaflet was displaced anteriorly in the left ventricular cavity at the onset of systole and asymmetric septal hypertrophy was present. In hearts with such a geometric configuration, the narrowed left ventricular outflow tract may have created the necessary hydrodynamic forces so that the velocity of blood passing between the hypertrophied ventricular septum and anterior mitral leaflet sucked the mitral leaflet forward by a Venturi effect. 
